In this study, housing prices data for residential quarters from the period 2001-2012 were used and Global Differentiation Index (GDI) was established to measure the overall differentiation trend in housing prices in Yangzhou City, eastern China. Then the influence of the natural landscape and environment on prices of global housing market and housing submarkets was evaluated by the hedonic price model. The results are shown as follows. (1) There have been increasing gaps among housing prices since 2001. In this period, the differentiation trend has shown an upward fluctuation, which has been coupled with the annual growth rate of housing prices. (2) The spatial distribution of residential quarters of homogenous prices has changed from clustered in 2001 into dispersed in 2012. (3) Natural landscape and environmental externalities clearly influence spatial differentiation of housing prices. (4) In different housing submarkets, the influence of natural landscape and environmental externalities are varied. Natural landscape characteristics have significant impact on housing prices of ordinary commercial houses and indemnificatory houses, while the impact of environmental characteristics have obvious influence on housing prices of cottages and villas.
Introduction
Spatial differentiation issues of inner city housing prices are an important part of the urban geography studies. Some scholars apply the spatial approach to analyze and portray the spa-tial distribution of housing prices in urban areas (Chhetri et al., 2009; Koramaz and Dokmec, 2012; Kuethe, 2012) and prove that there commonly exists spatial differentiation of urban housing prices. Analyzing the phenomena of the spatial variation of the housing prices, many scholars use the hedonic price theory to discuss the factors influencing their spatial variation. These factors commonly include: the age of the building (Stevenson, 2004; Helbich et al., 2013) , the building structure (Goodman et al., 2003; Helbich et al., 2013) , facilities in the residential area (Tse et al., 2000) and other representative housing estate characteristics. The existence of educational facilities (Li and Fu, 2010; Machin, 2011) , commercial facilities (Des and Lagana, 1996) , natural landscape (Wen et al., 2012; Panduro and Veie, 2013) and natural environment (Jim and Chen, 2007; Yusuf and Resosudarmo, 2009) in the surroundings are the representative characteristics of the neighborhood. The distance from CBD (Shi and Li, 2006; He et al., 2010) and the transportation convenience (Smersh and Smith, 2000; Feng et al., 2011) are the representative characteristics of the housing location. These factors constitute the "implicit price" of the housing estate (Rosen, 1974) , which determine the spatial differentiation of its prices.
Among these factors the natural landscape and environmental factors affecting the housing prices draw an increasing attention of scholars (Cavailhès et al., 2009; Maslianskaia-Pautrel and Baumont, 2013) . Excellent landscape and environment can significantly enhance the value of residential quarters. Empirical studies have shown that the existing green space (Waltert and Schläpfer, 2010; Panduro and Veie, 2013) , park (Shi, 2010) , water (Platter and Campbell, 1978) , lake (Gillard, 1981; Wen et al., 2012) , sea (Benson et al., 1998; Maslianskaia-Pautrel and Baumont, 2013) , beach (Hamilton and Morgan, 2010; . Landry and Hindsley, 2011) , wetlands (Mahan et al., 2000) and other views are positively correlated with housing prices. At the same time, the chaotic or polluted surrounding environment may reduce the value of residential quarters. For example, air pollution (Yusuf, 2009) , noise (Duarte and Tamez, 2009; Chang and Kim, 2012) , neighborhood of the power plants (Davis, 2011) , landfills (Ham et al., 2013) , industrial zones (Maslianskaia-Pautrel and Baumont, 2013) , urban villages (Song and Zenou, 2012 ) and other will to some extent reduce the housing prices of the surrounding area. With improvements of the environment the prices (Gamper-Rabindran and Timmins, 2012) of the surrounding area would increase. This proves that the landscape and environment have significant influence on the urban housing prices. In addition, according to the housing submarkets theory (Straszheim, 1975) , based on the research of Bourassa et al. (2003) , after the housing market sub-division the hedonic price models are different and the models fit better. Therefore, it is necessary to carry out research on the landscape and environmental effects and differences in housing submarkets, respectively.
Chinese urban housing prices show significant regional external effects and a tendency of spreading from the first-tier cities towards the second-and third-tier cities and regions (Fang and Ding, 2012) . The Yangtze River Delta region is no exception (Fang et al., 2013; Hong, 2009) . That region, including Yangzhou City is China's housing prices high-value agglomeration area (Wang et al., 2013) . The Yangzhou City's housing prices are affected by Shanghai (the first-tier cities) and Nanjing (the second-tier cities), with the linkage effects formed. Factors shaping the housing prices in Yangzhou City have also in common with these cities (Wang et al., 2013) . According to China Urban Construction Statistical Year-book (2010) the population of Yangzhou City was 7.692 million, ranking 95th among 654 cities in China, which makes Yangzhou belongs to the group of big cities; its built-up area was 78.60 km 2 , ranking 106th. Its moderate urban population and area make Yangzhou City representative for studies on housing prices development. In addition, Yangzhou City has relatively complete history of evolution, including the development of the New Urban Area and redevelopment of the Old Urban Area, the co-existence of the gentrification and suburbanization processes, as well as significant regional differentiation, which make the city a representative example for studies. Since 2001, with the housing system reform in China in 1998, the Yangzhou downtown residential construction area has increased 2.13 times, spreading from the Old Urban Area towards the New Urban Area and the suburbs and causing rapid rise of housing prices. Therefore, the analysis of the spatial differentiation of Yangzhou City housing prices and also the landscape and natural environment influence on them in that period has an important practical value.
In this paper all types of residential quarters located in the Yangzhou downtown are investigated, with the residential quarters (or residential groups) taken as the basic research units, with the full coverage data in 2011 and 2012, and the continuous sample data from 2001 to 2010 as the basic data sources used to investigate the Yangzhou City residential prices spatial variation pattern and evolution. On this basis, the impact of the landscape and environmental factors on the housing price differentiation was analyzed and its differences in their influence on residential submarkets were investigated. As the study object included ordinary commercial houses, villas, high-end commercial and residential apartments, housing-reformation quarters, indemnificatory houses and cottages, that is all housing types market transactions can be performed on, the investigation is much more reliable compared to other studies that analyzed just the ordinary commercial housing.
Data and methodologies

Determination of the study area and research units
Yangzhou is located in the middle of Jiangsu province, the north shore of the lower reaches of the Yangtze River and the important city in the economic circle of the Yangtze River delta (Figure 1 ). In this paper Yangzhou downtown (hereinafter referred to as Yangzhou City) was selected as the study area. The spatial extent of the study area was defined from the circle-shaped space and the fan-shaped space, respec- Figure 2 ) and residential construction age, the building type and other factors were considered. Therefore, the analyzed area could be provided with the full coverage study. The basic principles of the cell division were: year built, number of levels/floors and grades and other architectural features unique within the same residential cell. Since there are not many cottages in the Ancient Urban Area, they were merged into one research unit; eventually 1094 research units were formed (2012). Table 1 . 
Other relevant data sources and their processing
Data on the residential types and their year of construction were obtained mainly through: (1) the assistance of the Yangzhou City Housing Security Management Bureau and its various branches; (2) the on-the-spot cell site visits and inquiries; (3) inquiries to the real estate agents; (4) inquiries to the relevant real estate information websites. Data related to the residential land area was calculated using the GIS technology. Residential building area was calculated on the basis of land area and floor area ratio. These data are publicized by the Yangzhou City Planning Bureau for residential construction projects.
Research methods
Construction of the Global Differentiation Index (GDI) to measure the housing price differentiation
In order to measure the degree of differentiation of the general housing prices, the coefficient of variation (CV), the Theil index (T), the general entropy index (GE), the Atkinson index (A) and other differentiation indices can be applied. However, as the basic principles of these indices are not the same, the obtained results may vary. For this reason, in this paper the above indices were integrated to create finally a new overall differentiation measure index called the Global Differentiation Index (GDI). The resulting value of that index can simultaneously reflect information on the spatial differentiation given by the four conventional indices, moreover the obtained results are more fixed, fully reflecting the degree of changes in the regional-scale or city-scale overall differentiation of housing prices. The calculation process is as follows:
(1) The four traditional indices calculated separately are (Wang et al., 2012) : Coefficient of variation:
The Theil coefficient:
The general entropy index:
The Atkinson index:
where x i is the i-th cell housing price, μ is the average housing price, n is the number of residential quarters, ε is the parameter related to the value of the sensitivity variance, ε > 0, the greater the ε is, the larger weight given to a relatively low-price cell; ε usually takes values of 0.5 and 2 (Atkinson, 1970) , in this paper the value of ɛ was 0.5.
(2) Construction of the housing price Global Differentiation Index (GDI) On the basis of the results obtained using the above-described four traditional indices the housing price Global Differentiation Index (GDI) was constructed as follows:
In comparison of the multiple time periods the information entropy can be used to determine the weights of these indices (Chen et al., 2012) .
The use of the hedonic price model to analyze the factors affecting the landscape and the environment and their implicit prices
The semi-log form of the hedonic price model is one of the most commonly used methods applied in analysis of the factors affecting housing prices. It can be expressed as (Hong and Li, 2011) :
where P is the dependent variable of urban housing prices, α 0 is undetermined coefficient, α i is regression coefficient, ε is random variable, Z i is independent variable, a housing characteristics score. In this paper, a particular independent variable characteristic was evaluated by a number of indicators: Z = Σw j z j (7) where z j is the index score used for the evaluation of Z characteristics, w j is the weight; in the calculations the entropy method was still used.
Spatial differentiation of housing prices in Yangzhou City
Spatial differentiation of housing prices is mainly embodied in the following two aspects: one is the general differentiation degree measured by GDI, and the other is spatial differentiation pattern reflected by GIS.
The general differentiation degree and evolution of housing prices
On the basis of the entropy method the weights of CV, T, GE and A were determined as 0.3040, 0.2623, 0.2051 and 0.2286, respectively. The values of the GDI index for each year calculated according to the given expression are shown in Table 2 
Spatial differentiation pattern and evolution of housing prices
For each analyzed year all residential quarters are divided into five categories depending on their housing prices: the high-price districts (10% of the total), the middle-higher price districts (20%), the middle-price districts (40%), the middle-lower price districts (20%) and the low price districts (10%). Figure 4 shows that during 12 years the Yangzhou City housing prices showed a general "high-price west to low-price east" fan-shaped spatial differentiation pattern. Along with the increase in new residential quarters the differentiation pattern became more complex: the concentrated pattern of similar-price cells in 2001 transformed into the relatively decentralized one in 2012. Moreover, while in 2001 the housing prices of the western districts were generally higher and the eastern lower, the northern districts and the Ancient Urban Area with generally low prices but also the high-and-low price crisscross pattern, the high-priced residential quarters were mainly in the western districts of the Old Urban Area and the New Urban Area. In 2004 the high-priced western districts apparently moved outside towards the New Urban Area, while in the other areas essentially the same pattern was preserved. In 2008 the high-priced residential quarters continued to move westwards, the high-priced residential area surrounding the Slender West Lake increased, expensive residential quarters began to appear in the eastern and northern districts, but basically were distributed in the Old Urban Area along the ancient Grand Canal. In 2012 there were more high-priced residential quarters in the eastern and northern districts and the trend of intertwining different price housing became more apparent.
Landscape and environmental impact on spatial differentiation of the Yangzhou City housing prices
Housing characteristics and establishment of their evaluation index system
In order to thoroughly analyze the impact of the urban landscape and environment on the housing prices, in the paper the hedonic price model was divided into five parts: the hedonic price model of the building (architectural) characteristics, the neighborhood characteristics, the location characteristics, the landscape characteristics and the environmental characteristics. Among them, the building characteristics, the neighborhood characteristics, the location characteristics can serve as the control variables in the hedonic price model regression process. According to the forecast on the impact of each variable on housing prices, a scoring system from low to high (from 1 to 9) points was applied. Details are given in Table 3 .
Evaluation of spatial characteristics of landscape and environment
Evaluation of natural landscape characteristics
The green areas of Yangzhou City were evaluated at two levels: the first one refers to the role of major parks on the prices of the surrounding residential quarters. The second level refers to the other types of parks and green areas (Figure 5a ). The waterfront landscapes can also be considered at two levels: the first one which refers to major rivers and lakes, relatively significantly influencing the surrounding residential prices, as beautiful landscape including: the Ancient Canal, the Beijing-Hangzhou Grand Canal, the Liaojia River, the Slender West Lake, the Hehua Lake, the Mingyue Lake, the Qujiang Lake. The second level refers to the other landscape rivers and lakes (Figure 5b ). Calculations proved that the weight of the waterfront landscape was slightly higher than that of the green areas.
Evaluation of environmental characteristics
This included evaluation of industrial and warehousing areas, which may be a potential High-grade (9), middle-higher grade (7), middle-grade (5) source of different kinds of pollution, as noise pollution, air pollution and so on. Among them, the third type of industrial areas (M3) was considered as a source of serious pollution affecting most seriously and having the highest influence on the surrounding residential quarters; the warehouse areas and the first type of industrial areas (M1) had relatively low influence on the surrounding residential quarters; the second type of industrial areas (M2) had the middle-level influence on the surrounding environment (Table 4) . In order to calculate their impact on the residential quarters, the above-described three types of areas were given weights of 0.5, 0.4 and 0.1, respectively; the higher the score obtained, the lower the impact produced (Figure 6 ). Municipal facilities which have impact on the environment of the residential quarters include: high voltage corridors (35 KV and higher), transformer substations, waterworks, gas stations and gas regulator stations, petrol stations, sewage treatment plants, waste transfer stations and funeral sites (including cemetery and crematorium). Radiuses of influence of these facilities are defined in Table 5 . The applied scoring method of municipal facilities with environmental impact on residential quarters is as follows: areas with none of the above facilities got 9 scores, areas with one kind of facilities got 5 scores, areas with two facilities got 3 scores and areas with three or more facilities got 1 score (Figure 7a ). 
Figure 7
The extent of impact of municipal facilities and urban villages on the Yangzhou City environment Moreover, studies show that urban villages also have significant negative influence on the surrounding residential prices (Song and Zenou, 2012) . Consequently, in this paper three scoring grades were given depending on the impact of the urban villages: 1 score for areas within the radius of 100 m (seriously affected); 5 scores for areas within 100-200 m (moderately-affected) and 9 scores for areas above 200 m (not affected) (Figure 7b ).
Degree of the natural landscape and environmental influence on housing prices
4.3.1 Influence of the natural landscape and environment on all types of residential quarters Using the above-described five characteristics and the hedonic price model the impact of each landscape and environmental characteristics on housing prices was analyzed. Assuming similar housing choices and preferences of homebuyers in Yangzhou City, the housing prices were characterized by five large functions.
Using the regression model obtained goodness-of-fit statistics R of the hedonic price model was 0.651, while the adjusted R 2 was 0.422. Therefore, the overall model fitted well. At 0.000 significance level F=191.214, indicating that the regression model was extremely significant. The values of standard regression coefficients of the main five factors are given in Table 6 . Table 6 shows that the natural landscape and environment significantly influence the housing prices. Based on the values in Table 6 , the hedonic regression model was constructed as follows:
The model shows that when the characteristics remain unchanged, every 1% increase in the scoring of the natural landscape characteristics results in the 1.1% increase of the housing prices, while every 1% increase in the scoring of the environmental characteristics results in the 1.0% increase of the housing prices. This proves that the landscape and the environment have significant externalities on the housing prices.
Differences in the influence of the natural landscape and environment on residential submarket housing prices
According to Yangzhou City real estate market characteristics and based on housing type five categories of residential submarket can be distinguished: ordinary commercial houses, indemnificatory houses (including unit dormitories, old public houses, affordable houses, resettlement houses), high-end commercial and residential apartments, villas (including independent villas, semi-detached villas, superimposed villas) and cottages (including collective property rights and the Ancient Urban Area cottages). Table 7 shows that the three types of submarket models, that is: ordinary commercial houses, indemnificatory houses and villas have better goodness-of-fit statistics R than if not divided into submarkets. This proves that after the sub-division of the residential market, more accurate depiction of the prices was resulted. Except the high-end commercial and residential apartments submarket, the rest of the regression model was very significant. The influence of natural landscape and environmental characteristics on different housing submarkets is different: in ordinary commercial houses and security markets, the impact of natural landscape characteristics on housing prices is very obvious; 1% increase of the natural landscape characteristics results in 1.5% increase of the ordinary commercial housing price and 0.7% increase of the indemnificatory housing price. At the same time, an increase of the environmental characteristics has no evidence on the housing prices of these two submarkets. As to the villa submarkets, there is an influence of both natural landscape and environmental characteristics, especially the influence of the environmental characteristics is more obvious: every 1% increase in the environmental characteristics results in 4.0% increase of the villa prices. As to the cottages submarket, the impact of the environment on the price is most significant, while the natural environment impact is not obvious. Every 1% increase of the environmental scoring results in 1.9% increase of the cottage price. The impact of the natural landscape and environmental characteristics of the high-end commercial and residential apartments is not obvious, this is due to the location of the high-end commercial and residential apartments which is the core element determining the price. This suggests that after the division into the residential submarkets, there were changes in the landscape and environment externalities on the housing prices, and also that the impacts on different housing types are different.
Conclusions and discussion
Increasing differentiation trend and dispersed spatial distribution of housing prices
In the background of continued and short-period fluctuated rising of average housing price in Yangzhou City, spatial differentiation of housing prices had an overall growing, fluctuated-type trend coupling with the average annual growth rate of housing prices; from west to east the spatial differentiation pattern of housing prices became more complex, the spatially concentrated similar-price districts became relatively dispersed. This proves that since the reform of the housing system China's urban housing prices experienced the trend of spatial variation, which is an inevitable phenomenon in this stage of development. It is inevitable that the degree of these differences increases with the development of the real estate market, but also with the environment and changeable real estate market fluctuations.
Significant impact of landscape and environment on spatial differentiation of housing prices
The natural landscape and environment have significant externalities on changes of housing prices. The case of Yangzhou City shows that beautiful natural landscapes and healthy environment can significantly enhance the value of the surrounding residential quarters. When the landscape or environmental characteristics are upgraded by 1%, then the house prices increase by 1.1% and 1.0%, respectively. Elements that constitute the natural landscape, the influence of the waterfront landscape is slightly stronger than the influence of green space; among the evaluated environmental elements the impact of the municipal facilities is rela-tively the lowest, while that of productive lands and urban villages is more significant.
The influence of the landscape and environmental factors on different types of housing submarkets is different: the natural landscape characteristics have very clear influence on ordinary commercial houses and indemnificatory houses; 1% increase of the natural landscape characteristics results in 1.5% increase of the ordinary commercial housing price and 0.7% increase of the indemnificatory housing price; every 1% increase in the environmental characteristics results in up to 4.0% increase of the villa prices and 1.9% increase in the cottage price. At the same time, the impact of the landscape and environmental features on high-end commercial and residential apartment is not obvious. This proves that by dividing the housing submarket, changes in the landscape and environmental characteristics results in different impacts on different housing types. Therefore, the study on the influence of the landscape and environmental externalities on spatial differentiation of urban housing prices should put more emphasis on the sub-division of the market and also classification methods should be investigated.
